Background. Physical and leisure activities are proven health promotion modalities and have not been examined in older wheelchair users. Main Objectives. Examine physical and leisure activity in older wheelchair users and explore associations between wheelchair use and participation in physical and leisure activity, and wheelchair use, physical and leisure activity, and perceived health. Methods. 8301 Canadians ≥60 years of age were selected from the Canadian Community Health Survey. Sociodemographic, health-related, mobility-related, and physical and leisure activity variables were analysed using logistic regression to determine, the likelihood of participation in physical and leisure activity, and whether participation in physical and leisure activities mediates the relationship between wheelchair use and perceived health. Results. 8.3% and 41.3% older wheelchair users were physically and leisurely active. Wheelchair use was a risk factor for reduced participation in physical (OR = 44.71) and leisure activity (OR = 10.83). Wheelchair use was a risk factor for poor perceived health (OR = 10.56) and physical and leisure activity negatively mediated the relationship between wheelchair user and perceived health. Conclusion. There is a need for the development of suitable physical and leisure activity interventions for older wheelchair users. Participation in such interventions may have associations with health benefits.
Introduction
Canadians aged 65 and older are 4 times more likely to use a wheelchair compared to those who are younger [1] . Previous estimates suggest that approximately 4.6% of adults aged 65 and older in the community [2] use a wheelchair for mobility. With predicted population estimates suggesting a two-fold increase in the number of adults aged 65 and older by 2020 [3] , a substantial increase in the number of older wheelchair users is expected.
Both aging and wheelchair use are associated with deteriorations in physical functioning, which can lead to physiological deconditioning that is associated with numerous health risks, morbidity, and early mortality [4] . Lack of physical activity seemingly exacerbates physiological deconditioning, which can result in further accumulation of functional limitations and disability over time [5] . In fact, physical inactivity has been named the greatest health risk factor for older adults by the World Health Organization [6] and the 4th highest attributable risk of death in the USA [7] . It has been suggested that interventions which promote or maintain physical activity behavior among older adults with disabilities might provide an effective strategy for lessening the health risks of functional decline [8] .
Physical activity, defined as bodily movements produced by skeletal muscles that result in energy expenditure [6] , is a proven modality of health promotion. Physical activity interventions may optimize physical functioning and slow the spiralling effects of deconditioning in adults with chronic conditions [9] and disabilities [10] . The benefits of physical activity include associations with decreased morbidity and early mortality risk for older adults [7] , improved stamina and muscle strength in individuals with chronic and disabling conditions, reduced anxiety and depression, and improved mood and general feelings of well-being [11] . Similarly, physically active adults with mobility impairments are healthier than their less active peers and have decreased mortality risk [12] and younger physically active wheelchair users have improved functioning and less risk of early mortality risk compared to their inactive peers [10, 12] .
General improvements in health and well-being for older individuals with a disability are also highly associated with participation in leisure activities. In fact, participation in leisure activities, defined as a nonobligatory activity that a person is engaged in during discretionary time [13] , has been shown to be the primary predictor of well-being after stroke [14] . Participation in active leisure pursuits, which may include long walks, attending entertainment venues, and gardening, may also fit the definition of physical activity. Therefore, participation in active leisure pursuits may provide health benefits similar to those of participation in physical activity.
Previous findings have suggested that most of the association between physical impairment and lower well-being are explained by disability [14] . Adults with chronic conditions [15] , older adults with arthritis [16] who participate in physical activity, and older adults after stroke who participate in leisure activity [17] , report having better perceived health than those who do not participate in physical or leisure activity. Furthermore, participation in both physical and leisure activities has been shown to improve general well-being for individuals with disabilities [11, 18] . Due to the associations of perceived health with objective health measures [19] , health care costs, and mortality [20] , improved perceived health due to increased physical activity is arguably just as important as the physical benefits [21] .
The benefits of participation in physical and other leisure activities would be similar for older adult wheelchair users, but the likelihood of participation for people with disabilities is low [14, 22] . The lack of participation may be a result of the numerous unique barriers faced by wheelchair users and the limited number of interventions that specifically address their complex needs. Physical activity participation levels among individuals with disabilities are affected by a complex set of barriers and facilitators that are unique to this population. These barriers and facilitators include the environment, emotional and psychological barriers, equipment barriers, information-related barriers, professional knowledge and training issues, attitudinal barriers, and availability of resources [23, 24] . Since older wheelchair users are a heterogeneous group, with varying disabilities, functional limitations, and a diverse range of likes and dislikes, current physical activity models provide few choices given the environmental barriers that wheelchair users face. Finding suitable durations, frequencies and types of physical activity for wheelchair users also poses a complex challenge due to the variations in ability and in ways of moving [25] . Strategies that incorporate methods for enhancing selfefficacy along with the promotion of physical and other leisure activities have been suggested as a means of improving quality of life among older adults who have a disability [8, 17] .
The association between wheelchair use and participation in physical activity and other leisure activities has not been documented to date. A better understanding of the prevalence of physical activity in older community-dwelling wheelchair users and its association with perceived health may provide insight and rationale for the development of appropriate physical and leisure activity interventions, which forms the purpose of this study.
The primary objectives of this study were to (1) examine participation in physical and leisure activity in older wheelchair users and (2) determine if there is an association between wheelchair use and participation in physical and leisure activity. The secondary objectives were to (1) examine perceived health in older wheelchair users and (2) determine if participation in physical and leisure activity mediates the relationship between wheelchair use and perceived health. The primary hypotheses were (1) wheelchair users would report lower levels of participation in physical and leisure activity compared to older adults who do not use a wheelchair and (2) wheelchair use would be a significant risk factor for reduced participation in physical and leisure activity. The secondary hypotheses were (1) older wheelchair users would have lower perceived health than older adults who do not use a wheelchair and (2) participation in physical and leisure activity would negatively mediate the relationship between wheelchair use and perceived health in older wheelchair users.
Methods

Design, Data Collection, and Subjects.
Findings from this study were based on data collected for Canadian Community Health Survey (CCHS) Cycle 3.1, which were collected by Statistics Canada between January and December 2005. The CCHS cycle 3.1 was the third cross-sectional survey in a series of larger national surveys designed to estimate health determinants, health status, and health system utilization of Canadians. Subsample 1 of CCHS 3.1 was chosen as it was specifically designed to provide additional estimates for the Health Utility Index, which included questions related to functioning and mobility, including wheelchair use. Details of the CCHS, including a methodological overview have been previously published [26] .
The target population of the CCHS was Canadians aged 12 and over. Individuals living on Indian Reserves and on Crown Lands, institutional residents, including nursing homes and long-term care facilities, full-time members of the Canadian Forces, and residents of certain remote regions were excluded from the sampling frame. A total of 32,153 Canadians were surveyed. For the purposes of this study, responses from all adults aged 60 and older (n = 8301) were included in the analyses. This subgroup was further divided into three categories: wheelchair users, nonwheelchair users who required some form of assistance to walk, and nonwheelchair users who did not require any assistance to walk. The data were collected by Statistics Canada under the authority of the Statistics Canada Act. Access to the data was granted by Statistics Canada based on a peer-reviewed proposal for the study. While the research and analysis are based on data from Statistics Canada, the opinions expressed do not represent the views of Statistics Canada. 
Classification of Wheelchair Use.
Wheelchair use was identified using the Health Utility Index module of the CCHS. Respondents were initially asked, "Do you walk without difficulty or without support". Responses were coded dichotomously as "yes/no". If their answer was "no" or "unsure", respondents were asked, "Do you walk with assistance from another person" and "Do you walk with assistance using an assistive device". For the purposes of this study, responses from these two questions were collapsed into one variable, "walk with assistance", which was coded dichotomously as "yes/no". In addition, those who responded they required assistance to walk were also asked, "Do you require a wheelchair for mobility". If the respondent used a wheelchair, and could walk with assistance, they were classified as a wheelchair user in this study, and the responses were coded dichotomously as "yes/no". Two subgroups of older adults who did not use a wheelchair were identified (walk without difficulty or without support, and walk with assistance) for comparisons with older wheelchair users, and both were coded dichotomously as "yes/no".
Dependent Variables.
Participation in physical and leisure activities were assessed using two questions from the Physical Activity module of the CCHS. The Physical Activity Index provided an indication of the amount of participation in physical activity through estimates of overall energy expenditure from physical activity. This was calculated using the type of physical activity, and frequency and duration of each physical activity session, as well as the MET (metabolic equivalent) values for each physical activity. Respondents were asked which physical activities they participated in for at least 15 minutes during the past 3 months from a preset list determined by Statistics Canada, which included activities such as going for a walk, gardening, and/or lifting weights. If the list did not include a specific activity, the respondent was given the option to respond "other". The "other" option was able to be selected up to three times by the respondent, thus capturing physical activities that were not necessarily included on the list. The response option, "did not take part in any physical activity for at least 15 minutes during the past 3 months" was also available to respondents. A complete list of the questions used to calculate the Physical Activity Index is shown in Table 1 .
The MET is the energy cost of the activity expressed as kilocalories expended per kilogram of body weight per hour of activity, doing a physical activity during the past 3 months, the number of times, and time spent on each activity. The derived Physical Activity Index [27] resulted in three categories, including "Active", "Moderately Active", and "Inactive". "Active" corresponded to an average of 3.0+ kcal/kg/day of energy expenditure, or the amount of exercise required for cardiovascular health benefits. "Moderately Active" corresponded to energy expenditure of 1.5-2.9 kcal/kg/day, or some health benefits but little cardiovascular benefit. "Inactive" corresponded to energy expenditure below 1.5 kcal/kg/day or little to no health benefits. Although the Physical Activity Index included 3 questions which asked the respondents whether they participated in "other" physical activities during the past 3 months, it is not clear how the METs were calculated for these variables. For the purposes of this study, the three categories were recoded into dichotomous outcomes as "active (active/moderately active)/inactive". All nonresponses for this variable were coded as "inactive".
Participation in leisure activity was measured using one question on the CCHS, which asked whether or not respondents participated in leisure activities during the last 3 months. The responses were coded dichotomously as "yes/no". Leisure activities included playing cards or other games, listening to radio or music, doing crafts or other hobbies, visiting with family and friends, and attending events or entertainment. Leisure activities did not include reading a book or watching television.
Perceived health was assessed using the self-rated health variable, which is indicative of the respondent's health status at that point in time based on personal judgment. Selfrated health was assessed using a 5-point ordinal scale (poor, fair, good, very good, excellent), and responses were recoded as dichotomous outcomes for "poor-fair/good-excellent" for the purposes of study.
Independent Variables.
Sociodemographic (age, sex, marital status, education, income) and health-related (body mass index (BMI), tobacco use, alcohol consumption, having a chronic condition) covariates were included for analyses. Age was collected as a continuous variable and sex was coded dichotomously as "male/female". Marital status was included in this report as a proxy measure of social support. It was originally coded using a 5-point ordinal scale (married, common law, widowed, divorced, single), but for analyses purposes it was collapsed into dichotomous variable ("marriedcommon law/widowed-divorced-single"). Education level was reflective of whether or not the respondent graduated from high school or not. Household income was originally collected as a continuous variable, but was collapsed and coded dichotomously as "CAD < 14999/CAD > 15000".
Self-reports of height and weight were used to calculate BMI as a continuous variable. Respondents were asked to indicate their current tobacco use on a 3-point ordinal scale (daily, occasional, never), which was recoded dichotomously as "daily-occasional/never". Alcohol use was originally coded using a 4-point ordinal scale (regular, occasional, former, never), which was recoded dichotomously as "regularoccasional/former-never". The existence of one or more chronic conditions was assessed by whether respondents had been diagnosed by a healthcare professional as having a disease or other health condition that had lasted for, or was expected to last for, 6 months or longer. Responses were coded dichotomously as "yes/no".
Statistical
The sample groups were described using summary statistics based on their group status.
Primary Objectives
Prevalence of wheelchair use in adults aged sixty and older was calculated using frequency counts.
Participation in physical and leisure activity (Physical Activity Index, participation in leisure activity) was compared between older adults who do and do not use a wheelchair using percent concordances.
Wheelchair use as a risk factor for decreased participation in physical activity was assessed using multivariate logistic regression, while controlling for sociodemographic and health-related variables. Odds ratios (OR) and 95% confidence intervals (CI) were estimated for each variable to determine the differences in participation in physical and leisure activities between each group (older wheelchair users, older adults who could walk with support) and to examine the association between wheelchair use and participation in physical and leisure activities.
Secondary Objectives
The perceived health of older wheelchair users was compared to the perceived health of older adults who do not use a wheelchair using percent concordances.
The association between participation in physical and leisure activity and poorer perceived health in older wheelchair users was estimated using 2 multivariate logistic regression models. The initial model produced ORs and 95% CIs for each variable to estimate risk factors of poor perceived health in wheelchair users. Physical and leisure activity were then added to the model 250 to examine if participation in physical and leisure activity mediated the relationship between 251 wheelchair use and perceived health. All data were analyzed using SPSS (Version 13.0, Chicago, IL, USA) software.
Results
Weighted estimates suggested that the population of community-based Canadians aged 60 and older was approximately 5,362,000 and the estimated prevalence of wheelchair use within this population was approximately 100,000. The average (SD) age of the subsample of wheelchair users was 76.4 (9.5) years, of which 62% were female. The estimated proportions for the sociodemographic and health-related variables are described in Table 2 .
Physical and Leisure
Activity. Approximately 8.3% of community-based wheelchair users aged 60 and older reported being physically active, compared to 16.5% and 48.8% of older adults who walked with and without assistance, respectively. Participation in leisure activity was higher in all groups, with approximately 41.3% of communitybased wheelchair users compared to 64.6% and 88.9% of older adults who walked with and without assistance, respectively, reporting they took part in leisure activities (Table 2) .
Predictors of Participation in Physical and Leisure Activity.
After controlling for sociodemographic (age, sex, marital status, income) and health related (BMI, tobacco use, alcohol consumption) variables, multivariate logistic regression showed that older adults who walked with assistance (Odds Ratio (OR) = 2.96, 95% CI 2.16, 4.04) were less likely than older adults who walked without assistance to participate in physical activity. Likewise, wheelchair users were even less likely to participate in physical activity compared to older adults who could walk (OR = 44.71, 95% CI 0.02, 3.31e 6 ).
Tobacco use and higher BMI were significant risk factors for reduced physical activity, while increasing age was a slight risk factor for reduced participation in physical activity. Predictors of being physically active included being male, graduating from high school, and consuming any alcohol. Marital status, income, and having a chronic condition were not significant risk factors for reduced participation in physical activity. See Table 3 for detailed information of this model.
Both older wheelchair users (OR = 10.83, 95% CI 5.84, 20.05) and older adults who walked with assistance (OR = 4.24, 95% CI 3.08, 5.84) were less likely than older adults who could walk without assistance to participate in leisure activity, after controlling for sociodemographic and health-related variables. Tobacco use was a significant risk factor for reduced participation in leisure activity, while alcohol consumption had a protective association. Age, sex, marital status, education, income category, BMI, and having a chronic condition were not significant predictors of participation in leisure activities.
See Table 3 for detailed information of this model. 
Risks Factors for Poor Perceived Health.
Approximately 74.2% of community-based wheelchair users aged 60 and older reported having poor perceived health, compared to 56.8% and 18.1% of older adults who walked with and without assistance, respectively (Table 2) . Multivariate logistic regression suggested that using a wheelchair (OR = 10.56, 95% CI 5.90, 18.92, P < .001) and requiring assistance to walk (OR = 4.18, 95% CI 3.05, 5.75, P < .001) were significant risk factors for poor perceived health compared to older adults who walked without assistance. Having a chronic condition, smoking, and having an income of less than 14,999 CAD were also significant risk factors for poor perceived health, while graduating from high school and consuming alcohol had a protective effect. Age, sex, and BMI were not significant predictors of poor perceived health in older adults.
See Table 4 for detailed information of this model. When participation in physical and leisure activity was added to the model, logistic regression analyses showed that both reduced participation in physical activity (OR = 1.64, (Table 4) .
Discussion
The prevalence of wheelchair use in adults aged 60 and older adults living in the community was estimated to be approximately 100,000. Although this estimate corresponded with previous estimates of wheelchair users aged 65 and older by Shields [1] (n = 81300) and Clark and Colantonio [2] (n = 88300), it is thought to be an underrepresentation of the actual number of Canadian wheelchair users aged 60 and older. Despite efforts to account for unequal sampling probabilities, the small CCHS subsample only includes community living individuals and not those who live in Indian reserves or in institutions. The overall purpose of this paper was to examine participation in physical and leisure activities in older wheelchair users and to examine the association of wheelchair use and physical and leisure activity on perceived health. As hypothesized, wheelchair users were significantly less likely to participate in leisure activities compared to those who walked with or without support and wheelchair use seemingly increased the likelihood for reduced participation in physical activity. Wheelchair use was also a significant risk factor for poor perceived health, and participation in physical and leisure activity were shown to have a negative mediating effect on the associations between wheelchair use and perceived health.
Although recent findings suggest the number of physically active older adults is slowly increasing [28] , there is still a large portion of the population who are not active enough to receive health benefits [9] . Findings from this study suggest this is particularly true for older adults who use wheelchairs, as only 8.3% of wheelchair users reported participating in physical activity compared to 48.8% of older adults who walked without support. Due to the collapsing of the "moderately active" and "active" variables within the Physical Activity Index, being physically active within this sample represented an energy expenditure of 1.5 to greater than 3 kcal/kg/day. Therefore, the percentage of individuals who meet the recommended 1000 kcal/kg/day [29] is likely much smaller than the reported findings in this study values with respect to prevalence of physical activity.
A larger proportion of the population reported participating in leisure activity. Since some of the leisure activities reported may be active leisure pursuits, it is likely that a portion of the 41.3% of older wheelchair users who reported taking part in leisure activities would be participating in more physical activity than if they were not participating in those leisure activities. It is possible that physical activity levels in older wheelchair users may have been underestimated by the Physical Activity Index alone. However, findings from a recent study suggest that individuals with disabilities are limited to more passive leisure activities, due to limited mobility, loss of function, and fatigue [17] . Regardless, it is clear that wheelchair users take part in less leisure activity compared to 64.6% of older adults who walk with support and 88.9% of adults who walk without support. This is an important finding as participation in leisure activities has been shown to have similar health benefits as participation in physical activity for older adults, including contributions to successful aging by reducing the risk of premature death [30] , and improving overall function [31] . Logistic regression analyses suggest that wheelchair use may be a risk factor for reduced participation in physical activity (OR = 44.71) and is a significant risk factor for reduced participation in leisure activity (OR = 2.96). Although the odds ratios suggest that wheelchair use increased the likelihood of not participating in physical activity, the extremely large variance of these estimates suggests these findings must be interpreted with caution.
Despite the large variance in this point estimate for the Physical Activity Index, it is clear that a large portion of older wheelchair users are not physically active and are not receiving the benefits of physical activity. The other protective factors in the logistic model for physical activity and leisure activity are supported by previous findings of older adults [9] , which showed that males who graduated from high school and consumed alcohol were more likely to take part in physical activity behaviour.
Wheelchair use (OR = 10.56) was also found to be a significant risk factor for poor perceived health compared to those who did not use wheelchair. Similar to previous findings, having a chronic condition [7, 32] , smoking [33] , and having a higher BMI were also significant risk factors for poor perceived health, while graduating from high school and consuming alcohol [9] had a protective effect on perceived health.
Reduced participation in physical activity (OR = 1.64) and leisure activity (OR = 1.67) was also a significant risk factor for poor perceived health. Moreover, when physical activity behaviours were added to the model, using a wheelchair (OR = 6.99) was reduced somewhat, but was still a significant factor in predicting poor perceived health.
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These findings suggest that regardless of sociodemographic and health-related variables, participation in physical activity behaviours can significantly reduce the risk of having poor perceived health in older wheelchair users. This is supported by previous findings which showed that participation in leisure time physical activity had a graded and continuous association with better self-rated health in older adults [34] . Furthermore, this study also suggested that even small amounts of leisure-time physical activity are related to a better health status, which can be summarized and linked to the clinical and public health recommendations that "even a little is good; more is better" [35] .
The health benefits of physical [6, 7, 10, 36] and leisure activity [14, 17, 18, 24] are well documented. Findings from this study suggest that participating in physical and leisure activity is associated with improved perceived health, which may also be associated with improved quality of life for older wheelchair users. Furthermore, ratings of perceived health have been shown to be highly predictive of mortality [32] . While the benefits of exercise are well known, it is likely that wheelchair users who are quite sedentary may benefit from small increases in physical and leisure activities that require more bodily movement than what is normally done. The findings from this study highlight the need for targeted surveys of older wheelchair users that incorporate appropriate, accessible, and desired physical and leisure activities, and indentify the need for the development of interventions that include a broad range of physical and leisure activities.
The cross-sectional nature of this study imposed inconclusive findings regarding the causality and direction of the relationships of the variables studied. It can only be concluded that there are associations between wheelchair use and participation in physical and leisure activity and between participation in physical and leisure activity and poorer perceived health.
Also, the pre-defined structure of the questions imposed some uncontrollable limitations to the findings of this study. The study variables (i.e., physical and leisure activity) were challenging to define due to the structure of the questions on the CCHS. The broad questions asked about physical and leisure activity left some uncertainty about the activities the respondents participated in. Due to the challenges with defining physical and leisure activity, the results must be interpreted with caution. The types of physical activities asked of the respondents and the uncertainty of the methods used for calculating energy expenditure for the "other" categories of the Physical Activity Index may not have provided an ideal assessment of participation in physical activities for older wheelchair user, which may include wheeling or other physical activities that can be done in a wheelchair. The inclusion of participation in leisure activities in the models must also be interpreted with caution, as there is uncertainty as to which specific leisure activities the respondents took part in. However, since some leisure activities fit the definition of physical activity, and because there are some similar health benefits of both physical and leisure activity, it was felt that examining the associations between wheelchair use and participation in leisure activity was important for gaining a comprehensive understanding of participatory behaviours of older wheelchair users. It should also be noted that activities of daily living and occupational activities, both of which may include activities that fit our definition of physical activity, were not included in our analyses. Therefore, it is likely that our findings underrepresent the amount of physical activity that older wheelchair users take part in. Despite the exclusion of activities of daily living and occupational activities, our findings do suggest that very few older adult wheelchair users participate in enough physical and leisure activities to receive health benefits.
Significance
Findings from this study suggest that older wheelchair users are not as physically or leisurely active as those who do not use a wheelchair; current physical activity measurement tools are not appropriate for older wheelchair users; there is a need for the development of accessible physical and leisure activity interventions. Interventions that focus on promoting physical and leisure activities may lead to increased participation in physical and leisure activity, which is associated with improvements in perceived health for older wheelchair users. Appropriate interventions for this target population should focus on counselling for behaviour change and should include suitable and accessible activities that are appealing to older adult wheelchair users.
Conclusion
Wheelchair use is associated with reduced participation in physical and leisure activity, and both wheelchair use and reduced physical and leisure activity are significantly associated with poor perceived health. Perceived health is correlated to objective health measures, both of which may be improved through interventions that target health-related behaviours changes, such as participation in physical and leisure activity. Participation in such interventions may be associated with health benefits.
